The change in water quality arising from the open storage of groundwater (GW) and its impact on chlorination and chlorination by-product formation were investigated. Water quality descriptors, such as temperature, pH, chlorophyll, and dissolved oxygen contents of GW undergo substantial alteration when stored in a reservoir. Dissolved organic content (DOC) measured in the two water sources studied, i.e., GW and open reservoir water (RW), varied from 0.41 mg/L to 0.95 mg/L and 0.93 mg/L to 2.53 mg/L, respectively. Although DOC demonstrated wide variation, UV absorbance at 254 nm (UVA 254 ) values for GW (0.022-0.067) and RW (0.037-0.077) did not display reciprocal variations. The chlorine demand (CD) of RW was always higher than that of GW for the corresponding sampling period. Average trihalomethane (THM) formation for RW was 50-80% higher compared to GW and thus poses an enhanced health risk. Appreciable amounts of bromide present in these water sources (0.15-0.26 mg/L in GW and 0.17-0.65 mg/L in RW) have resulted in the non-selective distribution of the four THM species. The formation of more toxic brominated THM due to chlorination of these near-coast drinking water sources must be regarded as a decisive factor for the choice of water disinfection regime.
commonly found chlorination by-products (CBPs). Exposure to these disinfection by-products (DBPs) has been associated with adverse effects on human health including bladder cancer (Cantor et al. ; Freedman et al. ) . After the emergence of pressing issues such as carcinogenic cell reproduction, genetic mutation and tissue damage, the US Environmental Protection Agency (EPA) instituted the stage-I disinfection by-product regulation (DBPR) during the late 1990s, and the stage-II DBPR was issued in 2006 limiting the total THMs to 0.08 mg/L. The types and yields of DBPs such as THMs vary with the type of disinfectant used and the nature of the source water (Whitaker et al. ) .
The DBPs' concentration and speciation are also affected by many water quality determinants (type and quantity of dissolved organic matter (DOM), pH, bromide, ammonia, nitrite concentration, and water temperature) and operational parameters (disinfectant dose and type, reaction time, etc.). Generally, THM formation increases with an increase in chlorine dose and DOM concentration (Xie ; Song et al. ) .
In India, traditional open reservoirs for water fed by rain water or river water are important sources of drinking water supply both in rural and urban areas. In open reservoir storage facilities, water degradation has been a recognized concern for many decades (EPA -R-- ). Since the volume of water in a storage facility is normally large compared to the amount of exposed surface area, the effect of the wall and floor on disinfectant decay are normally not significant. Thus, disinfectant decay and byproduct formation in storage facilities normally can be attributed to bulk decay, which mainly depends on the source water physico-chemical characteristics rather than to wall effects. Covering an open reservoir or replacing it with a covered storage facility can reduce or eliminate the potential for direct entry of contaminants and deterioration in the water quality (Kirmeyer et al. ) . However, most reservoirs remain uncovered due to the capital cost involved in covering them and the difficulty in clearly quantifying the public health benefits accrued from covering. Direct input by runoff or internal growth of algae increases the organic material load in the open storage facilities. In addition, micro-organisms can enter from outside sources such as poorly constructed or inadequately maintained storage facilities, and can also be introduced into open reservoirs from windblown dust and debris. In addition, groundwater (GW) having good nutrient content when stagnated and exposed to sunlight in an open reservoir is subject to eutrophication, which allows the proliferation of algae due to photosynthesis. Extracellular matter from the decay of these algae increases the organic load of the water, which serves as THM precursors (Hoehn et al. ) . Organic matter, such as leaves and pollen also append to it and are a concern in open reservoirs. It should be noted, however, that DBP levels do not necessarily increase in all open reservoirs. High trihalomethane formation potential (THMFP) values were not correlated with peak algal levels in studies conducted in Seattle at Los Angeles Department of Water and Power's (LADWP's) Silver Lake reservoir (EPA -R-- ), which indicated that algae were not reactive causative agents contributing to DBP formation. Other types of organic substrate also have the potential to affect DBP formation. Some utilities have observed no significant changes and some have actually experienced decreases in DBP levels across their open reservoirs (AWWA ).
One utility has conjectured that DBP levels may decrease through volatilization or through oxidation of precursors by heterotrophic bacteria (AWWA ). A study on interriver comparison on the per unit algal contribution toward yield of THM by Jack et al. () revealed that the potential of carbon fluxes arising from the algal senescence were much higher than the carbon required to account for TTHM formation. Much of the algal carbon is labile and therefore likely to be respired. Owing to different source water quality and diverse water treatment processes within different waterworks, the key parameters controlling DBP formation may vary from place to place.
Identification of the impact of storage facilities on water quality and strategies to minimize adverse effects are required to ensure that the water quality meets the regulatory guidelines and does not degrade in the distribution system. As there are many potential variables involved, investigation into the impact of storage facilities on water quality and strategies to minimize adverse effects are required to ensure that they meet the regulatory guidelines to deliver safe water. The pre- 
MATERIALS AND METHODS

Sampling and storage
The Palar River, located in the district of Kancheepuram, Tamil Nadu, India, having GW, is the main source for the drinking water supply to the neighborhood. GW samples from a covered, concrete-lined infiltration well located inside the Palar River bed were collected monthly during January 
Chemicals and reagent
The chemicals and standards used were acetone (AR, ACS), 
RESULTS AND DISCUSSION
The main factors that influence the formation of DBPs (Table 1) that, as expected, high biological activities in the reservoir led to the increase in organic content in the water and thus caused higher CD than GW. Therefore, higher amounts of chlorine will be required for RW to achieve the same desired residual compared to GW. However, the extent of compensation for the organic content in both the water types was different owing to the differences in their chlorine reactivity. Temporal variation of TTHMF at different chlorination conditions ( Figure 2) showed that THM formation was always higher for RW than for GW for all chlorination conditions. Although higher THM formation was always observed for RW, magnitude of THM formation was not quantitatively reciprocated with the increase in As expected, temperature and pH values for RW were always observed to be distinctly higher than the GW (Table 1) . Higher pH observed in the RW as compared to the Palar water is apparently due to the photosynthetic activity by phytoplankton and macrophytes as per the following reactions (Boyd & Pillai ) . Continuous uptake of carbon dioxide generated due to the dissociation of HCO À 3 by the phytoplankton and macrophytes drives the net reaction (Equation (1)) toward the right and CO À2 3 hydrolyses in water to produce hydroxyl ions (Equation (2)) which gradually assimilate in the RW to increase the pH.
Leaching of hydroxides and carbonates from concrete surfaces of the storage facilities also cause the pH level to increase to some extent. pH affects the ionization equilibrium of oxidants, which alter the species composition, i.e., among HOCl, OCl À , HOBr, and OBr À . These oxidant species have varying degrees of reactivity and can induce structural modification of organic precursors, thereby changing their propensity for THM production. In general, the rate of THM production increases with pH (Abdullah et al. ). A three-fold increase in the reaction rate per unit increase in THMFP of RW were always observed to be higher than in GW.
Temporal variations in UVA 254 are presented in Figure 3 , which shows that its magnitude and temporal trend are similar for both RW and GW. As discussed previously, these two water In addition, these moieties possibly comprised only a small portion of all NOM and therefore DOC also showed no correlation with THMs.
Among the number of determinants that affect the DBPs' formation and speciation, the bromide level in raw water influences the species distribution to a great extent (Dore The abundant formation of partial brominated THM in these source waters associated with a higher level of toxicity can be a concern for adopting chlorination as a pathogen control measure. Previous studies have reported that the pres- 3 ppm, 6 hours; (ii) Cl2 3 ppm, 24 hours; (iii) Cl2 5 ppm, 6 hours; (iv) Cl2 5 ppm, 24 hours (a); and in chlorinated GW for (i) Cl2 3 ppm, 6 hours; (ii) Cl2 3 ppm, 24 hours; (iii) Cl 2 5 ppm, 6 hours; (iv) Cl 2 5 ppm, 24 hours (b).
